The paper presents a fragment of a research project aimed at defining the dynamics and tribology of the real twisting system of a ring spinning frame, i.e. a system with regular and/or random occurrence of faults in its operation . The object of study are the dynamic disturbances and their tribological consequences, which occur in the operation of the twisting system of a worsted spinning ring-frame due to faulty rotation of the spindle caused by play in its bearing. Studied was a twisting system provided with a taper ring (HZ) and T steel traveller. The forces were determined, for a case of three-contact inter-action between the traveller and ring, which act on the traveller and yarn if the spindle axis deviates from the vertical so that its tip traces an ellipse or a circle. It is shown that this faulty operation of the twisting system has a destructive effect on the inter-action of the traveller-ring-yarn (TRY) trio, which aggravates with time and has a deteriorating effect on the performance of the system
Introduction
The last operation in the worsted spinning of wool is the one which takes place in the twisting system of the ring frame and consists in simultaneous twisting and winding of the fibre stream coming from the drafting system. In the twisting system the yarn is rotating round the spindle axis, between the guide eye and traveller, and the centrifugal force makes it form a balloon or, in other words, a curved three-dimensional geometrical form. In the various segments of the yam, between its points of contact with the guide eye, traveller, and package on the bobbin, the tension in it takes various values which are, however, lower than the breaking strength of the yarn. This pre -planned relation between the maximum tension in the yarn and its breaking strength is a function of speed of the spindle and weight of the traveller.
When analysing the dynamics of the twisting system of a ring spinning frame -used in the spinning of cotton or worsted spinning of wooldistinction has to be made between the two types of systems, i.e. systems whose dynamics is limited to the classical mechanics and systems in which certain random factors are also present. The first type are systems in which the operation of the component elements is regular in time and as designed and systems in which the operation of the component elements -due, for instance, to incorrect assembling or wear -is faulty but regular in time. In the latter case, faulty operation may be due to eccentric disposition of spindle axis with respect to the centre of the ring. For the purposes of analysis it is assumed, in either case, that the yam is inextensible and its mass or weight is regularly distributed along its axis.
The second type are systems in which alongside of elements which operate ideally, or faulty, but in a regular manner, there is random occurrence of irregular operation, attributable either to the mechanical elements of the system or to the structure of the yarn. Whereas the first contingency can be accounted for by temporary changes in the position of the top part of the spindle axis (if there is play in spindle bearing), the second contingency is a consequence of the fact that the yarn is extensible and its mass is irregularly distributed along its axis, as is the case with some fancy yams.
Decision, which of the two types is represented by the given twisting system, is not always simple. In the first instance, estimation is needed in advance of how intensively the dynamic condition of the twisting system is affected by the random factor or factors. However, one must be aware that in trying to assess the effect of a random factor on the operation of a dynamic system it is necessary to know the values of certain statistics which cha-racterise the effects of random factors. Whereas estimation of the effect of random distribution of yam weight on the traveller is possible on the grounds of the known theories of distribution, estimation of the random temporary positions in space of the spindle top requires special empirical procedures to determine the relevant statistics.
Owing to the present world-scale collaboration of research centres, available is a mathematical formulation, based on the classical dynamics, of the dynamics of a faultless cotton-system ring-frame twisting system in which the conventional traveller operates in one -point contact with the ring [1] [2] [3] [4] . On the basis of this formulation it is possible to pre-plan the optimal technological parameters such as: variability of the form of yarn balloon in the course of spinning; variation of tension in the yam; and the corresponding reactions of the traveller to the ring. There is little doubt that the theory of faultless cotton-system ring-frame twisting system can be successfully applied to the worsted spinning ring-frame twisting system. Dynamic deviations do also occur in the twisting system of the woollen-system ring frame, but since the principle of operation of this system is different from that of the worsted system, investigation of faulty operation of the woollen-system twisting system requires correspondingly different methods.
2. The dynamics of a real twisting system 2.1. Current results The present paper covers a fragment of a larger project aimed at performing a detailed analysis of the dynamics and tribology of the friction trio traveller-ring-yarn, TRY, which constitutes the twisting system of a ring spinning frame and is often encumbered with faults that occur regularly and/or stochastically.
The project has been inspired by lack of a theoretical formulation of the problem in the relevant literature and is already a second project of this kind. In the earlier project [5-9], analysed and experimentally verified was a model of a ring-frame twisting system with a fault consisting in that the spindle axis was eccentrically disposed, by c > 0, to the centre of the ring. Analysis of the problem showed that the fault c > 0 introduced to the dynamic condition of the twisting system a periodic change occurring in cycles equal to one lap of the traveller and involving the speed of the traveller, tension in the ballooning yarn, variation of the form of the balloon, and reactions of the yarn and ring to the traveller, which became periodic quantities whose amplitudes of oscillation were, among others, functions of spindle speed n and spindle eccentricity E . It needs to be noted that at e > 0 the periodicity of the phenomena occurring in the twisting system influence the tribological conditions of the twisting system and, therefore, also the effects of interaction of the elements of TRY.
To describe a momentary condition of the studied TRY developed was an analytic-and-experimental model which was characteristic in that the traveller had a pre -assumed speed and, likewise, pre-assumed was the model of the momentary reaction Tb of the ballooning yarn to the traveller. A second model was developed based on experimentally determined position, in space, of the vector Tb by measuring momentary values of the angles (9413, y) which Tb makes at t = 0 (during one lap of traveller) correspondingly with (y,z) of a three-dimensional system of co-ordinates originating at point 0 of traveller contact with the ring. The model was verified experimentally [10].
Dynamic and tribological aspect of deviations in the
twisting system of a ring frame caused by 'whipping' of the spindle (due to spindle bearing play)
Determinations and symbols
Reported is analysis of the effect of spindle 'whipping' (in a worsted ring frame) due to spindle bearing play, i.e. of the effect of momentary changes in the position in space of the upper part of spindle axis, on the momentary dynamic condition of TRY composed of a taper ring (HZ), T traveller, and yarn which is assumed to be both inextensible and regular (Fig. 1) .
At the first stage of analysis the fault was assumed to be regular in nature, i.e. that the axis of the spindle deflects from the vertical so that it traces in space a geometrical figure whose cross-section is an ellipse of an elliptically factor 6 . The elliptically factor 6xYrepresents here the ratio of the ellipse greater half-axis (5x to the smaller half-axis 6 y . In a general case at a time t=0 the half-axes of the ellipse are inclined to the co-ordinates x and y by an angle /3 . The dynamics of TRY in the discussed case is within the limits o f classical mechanics. The model of traveller motion, however, has been developed on the basis of an earlier method evolved for the purposes of analysis of the effect of spindle axis eccentricity on the dynamics of the twisting system.
The forces acting on the traveller of a weight M were determined from the conditions of balanced position of the traveller on the taper ring at any moment of package formation on the bobbin. Introduced was a system of Cartesian co-ordinates (x,y,z) originating at point 0 of traveller contact with the yarn (Fig. 1) and movin g together with the traveller along the co -ordinates x and y in the ring plane (Fig. 2) . The co -ordinate x passes through the centre of the ring 01 and the co-ordinate y is tangent to the circle described by the point 0.
As it was shown in the earlier studies [7, 9] that the traveller may contact the taper ring either at two or three points, depending on the dynamic condition of the twisting system.
In the analysed case, a three -point contact of the traveller with the ring races was a ssumed as one that is more general and the most frequently occurring in TRY, while a two -point contact can be regarded as a special case.
The following symbols are used in Figs To simplify calculation it is assumed, in the above equations, that the centre of gravity of the traveller is removed from the centre of the ring by a distance equal to the ring radius R (Fig. 1). 
Conditions for traveller balance on the ring
Projections, on the co-ordinates x, y, z of the force$ acting on the traveller give the following equations:
(1) For a case when the traveller is in contact with the ring races at three points, A, Q, and P, (Fig. 1) substituted into the set of equations (1) is an equation for the moments of forces acting on the traveller at the contact point A (Fig. 1) . Fig. 3 illustrates inclination of the traveller on the ring. Marked are here a momentary inclination of the traveller by an angle A , at two-point contact, the boundary value Ag of the inclination angle at three -point contact, and the characteristic lengths, h and a, as well as the arms, 1 and to , of the moments of the forces acting on the traveller:
(2)
